Several tools and methods drawn from research in design and manufacturing have been successfully transplanted into industry. This paper describes a survey conducted of practicing designers and engineers in fields ranging from product development to aerospace to better understand the methodologies and metrics they employ. Preliminary results suggest that respondents found methodologies such as need finding, storyboarding, and brainstorming useful, but were less familiar with approaches such as systematic design, axiomatic design, or TRIZ. There was wide variation in what respondents felt were appropriate design outcome measures, but positive customer feedback in particular was deemed important in evaluating project performance. Finally, a broad range of design tools was cited as useful by respondents, but computer aided drawing applications in particular were rated highly. It is hoped that this survey can be of value in formulating future research goals in design theory and tool development.
INTRODUCTION
One goal of design research is to formulate approaches and tools that will help practicing engineers and designers produce better design results more efficiently and with fewer resources. Academic research has played a major role in the creation of tools such as CAD that have been widely adopted in countless aspects of engineering and design practice [1] . To gain a better sense of how designers and engineers currently in industry viewed design methods and tools, a web-based survey was conducted to gather descriptive statistics on the following:
• What design methods are practitioners aware of and which do they find useful?
A wide range of design methods are taught in the university classroom as well as studied in the laboratory, but which are considered most valuable in real-world projects? This survey asked about 14 design approaches ranging from Axiomatic design [2] and Quality Function Deployment [3] to techniques specific to individual stages of design, such as TRIZ [4] and brainstorming.
• How do practitioners judge whether their projects are successful? There are many levels on which to assess design outcome. Engineers and designers typically have immediate, measurable performance requirements to meet, but managers may think of satisfying the customer as a higher priority while organizations may look to product sales as a key measure of design success. This survey examined these design outcome measures along with 5 others possible types of project success.
• What tools do practitioners find effective for their work?
Respondents were asked to consider the value of 12 design tools, ranging from paper logbooks and hand sketching to rapid prototyping and software simulation of designs.
In addition, all respondents were asked to provide the methods, tools and outcome metrics they found particularly effective in their own work. The survey also asked about characteristics of respondents' design projects, including the number of team members on the team, the length of project, and the type of design project (incremental, re-design, or new).
RELATED WORK
Several researchers have conducted surveys of design practitioners and how they do their work. Osterman [5] examined 694 companies to assess the incidence of "innovative" work practices such as Total Quality Management and the organizational contexts that foster them. ZikaViktorsson and Ingelgard [6] surveyed 144 product development companies to delineate factors in design team members' work environment that are linked to team-based reflective activities. Vredenburg, et al [7] conducted a survey of 103 software user interface designers to gauge the extent to which user-centered design methodologies were adopted in industry.
METHODOLOGY
The survey was made available via email invitation from December 2006 to January 2007, and was completed by a total of 106 individuals. Initially, a link to the survey was emailed to a list of alumni from the Stanford University product design program and the mechanical engineering department, as well as alumni of the USC industrial engineering department. These initial participants were encouraged to forward the survey to other designers and engineers. Questions were formulated to address the three main research questions, along with demographic information. This initial set of questions was tested on a small pilot group of 4 respondents and then refined based on their feedback. To maximize participation, the survey was limited to 12 questions with the expectation that interested respondents could be contacted in the future for more detailed interviews.
Section 1 of the survey consisted of basic demographic questions regarding the respondent's job title, size of respondent's company, the industry that the respondent worked in, the geographical location of the company, the level of education of the respondent and field of study.
Section 2 of the examined design practice, asking respondents to consider the most recent design project they have worked on while answer questions regarding the type of project, the duration of the project, and project team size. Respondents were then asked to rate their familiarity and use of several engineering and design methodologies, project success metrics, and design tools.
RESULTS & DISCUSSION

Respondent Demographics
Resp Table 1 shows the job titles that the respondents felt best described their work. The most common job title (44.3%) is "engineer," which includes mechanical, aerospace, systems, and software engineering. 25.5% of the respondents were product or project managers, followed by 17.9% product designers. Finally, 12.3% of respondents described themselves with other job titles such as industrial designer, graphic designer/illustrator, academic, architect, and business development. Table 4 Company location Table 4 shows that companies of the respondents were primarily located on the east and west coasts. "Other" locations included "global," "national," and the Middle East. Table 6 Degree major 31.1% of respondents' highest degree was in mechanical or aerospace engineering (Table 6 ). The next most common degree was product design. "Other" majors include materials science and engineering, civil engineering, plastics engineering, manufacturing, architecture, environmental sciences, psychology, and cinema.
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Design practice
Rather than rely on the respondents assessments of their overall design experiences, respondents were asked to consider the most recent design project they worked on. It was thought that these design projects would be most fresh in their memories so that the respondents could speak in the most detail, and that the projects would be reasonably representative of the respondent's design experience. Here, "design project" means one in which the respondent or their team had to create or modify a product or system. Table 7 Design output
Design output
As expected, the majority of the participants questioned designed some type of physical product (Table 7) , but a sizeable number designed software or systems. It should be noted here that there was a significant drop off in the number of responses from Section 1 to 2 of the survey, from 106 to 86. The non-respondents were in such fields as aerospace, defense, utilities, environment, education, and business, and it is not known why these individuals did not respond. Of those that created physical products, 26 were in product development, 18 were in the aerospace industry, 1 in consulting, 1 in academics, and the remaining 12 were in other industries. Table 8 Number of core design team members
Team size
The majority of the team projects consisted of 2 to 10 members (Table 8 ), but many other teams had more members. Team size is an important factor as researchers in team dynamics have long posited that teams smaller teams are generally more effective [8, 9] , although larger, more systemsoriented projects may necessarily require larger team sizes. Of the 12 respondents whose projects were over 50 people, 11 were from the aerospace industry where projects tend to be on a much larger scale than in product development. Table 9 Novelty of design project
Novelty of design project
Much of design reflects incremental changes to or redesign of existing designs rather than wholly new designs. Surprisingly, most respondents described their projects as new design (Table 9) , and only 18.6% of respondents described their work as incremental. This difference could be due to many reasons. One is that the definition of the types of design were not made clear in the survey. Another is that the respondents were actually working on novel designs. Finally, there may be an individual bias towards the novelty of one's own work. Novelty can be a subjective measure, but there may be a tendency on the part of the designer to believe what they are doing is new. Table 10 Project duration and company size
Project duration
The average length of projects for all respondents was 2.78 years. Griffin [10] notes that there is positive relationship between project duration and complexity, and this is born out in this survey (Table 10 ). The largest firms had the longest project times, while the smallest companies had the shortest. This list of design methodologies was not meant to be exhaustive, but simply representative of relatively well known approaches that are taught in the university classroom, studied by researchers, and/or used in the workplace. Many effective and intellectually important methodologies were not included simply for lack of space on the survey. The mix of methodologies were also selected so that some looked at the overall design process while others were aimed at specific phases in design, in part because it was anticipated that the respondents would work on projects on various phases of design. Overall, needfinding, benchmarking, storyboarding, brainstorming, and failure modes and effects analysis were all rated by as more "useful" than not by respondents. It was anticipated that some of these techniques (needfinding, storyboarding, and brainstorming) might be embraced more by smaller, product design focused companies, while others (benchmarking, FMEA) would have greater adoption in larger, systems-focused companies such as aerospace. Breaking down these results by industry, it was found that those in product development (31 respondents), the distribution was nearly the same. However, those in aerospace (27 respondents) had a slightly different view. 12 of the 27 respondents found needfinding and storyboarding "familiar, but not used" while QFD had been used in school. Across both product development and aerospace, the only 2 methodologies that were consistently found useful were benchmarking and brainstorming.
Familiarity with design methodologies
The remaining methods were all rated as "unfamiliar," meaning that respondents had never heard of them either in an academic or work context. Two of these, Quality Function Deployment (QFD) and Robust Design are notable in that there is a relatively large number of respondents who are "familiar, but who have never used" them, suggesting that QFD is reasonably well known, if not widely applied. It is important to point out that methods generally rated as "unfamiliar" is not meant to imply in any way that these methods are not effective or intellectually rich, but simply that the particular sample of respondents were not conversant with them.
In general, there is a relatively small percentage of individuals who have used methods and found them not useful. Since the highest percentage of respondents either found methods useful or were simply not familiar with the method, the implication here is that if respondents are introduced, educated or trained on an effective method, they will find them useful.
The results in Table 11 suggest two somewhat distinct populations of method familiarity: those who have found methods a-d useful in their work, and those who are who are not familiar with methods e-h and j-n. To better understand these disparities, the pairwise Spearman correlations between each design method were calculated and shown in Error! Reference source not found.. The rated level of awareness shown in Table 11 for each method was converted into an integer value so that the rating "not familiar" = 1, "familiar with but never used" = 2, "used only in school" = 3, "used in work but not useful" = 4, and "used in work and useful" = 4. These last two ratings were assigned the same value of 4 because they could be reasonably assumed to represent the same level of awareness with a method.
The resulting table suggests a cluster of similar ratings for the less structured methods aimed at the very earliest stages of design, in particular understanding user needs and generating concepts. Ratings for needfinding correlated with those for benchmarking, brainstorming, and storyboarding, and with benchmarking and storyboarding. These correlations mean that respondents' awareness of these methods were consistent for each pair of methods. Those unfamiliar with needfinding tended also to be unfamiliar with benchmarking, and vice versa.
Another, much larger cluster of significant correlations appears for the remaining ten design methods. Each of these methods correlates in a statistically significant way with 7 to 9 of the other methods, meaning that respondents who are familiar with one of these methods tend to have the same level of familiarity with several of the others. Table 12 Spearman correlations (R) between ratings of design methods. For N = 85, values in bold are significant for p=0.05
Respondents also provided 28 other methods, techniques or approaches that they had found useful and were not listed in the survey. The most commonly listed additional methods include:
• Express-test-cycle iteration with users (making quick prototypes to iteratively evaluate a design idea) [11] • Mind mapping [12] • Carefully listening to your client to develop a thorough understanding of what they want. May include ethnographic observation • Decomposition • Systems Architecting Other approaches to design that were added by respondents included integrated design process or parallel design, How-why diagrams [13] , De Bono's 6 hats [14] , and user testing. Techniques aimed at the later, detailed stages of design include dimension and tolerance analysis and statistical test methods.
Respondents also suggested a number of system-level methods, including Functional Analysis, decomposition, Systems Architecting , DoDAF, utility analysis in trade studies, fault trees, requirement flow down trace tools, and Ishikawa fishbone diagrams.
Some respondents entered software-focused approaches, such as operational sequence diagrams, Object Oriented design, and waterfall method for software design. Software interaction techniques include information architecture methods such as cardsorting and use cases.
Perhaps the simplest piece of advice offered by a responded was to talk with "smart people at the whiteboard/sketchpad/CAD station!" which in some sense is related to the philosophy behind extreme programming. Customer/client gives positive feedback 27
Project success measures
Design meets performance requirements 15
Design is completed within deadline(s) 2
Manager/boss gives positive feedback 1
Concept is innovative 1 Sense of personal pride in design 4 Sales increase because of this project 13 Table 13 Rankings of successful design outcomes
Respondents were asked to rank order the top 3 criteria for defining a successful design project from a list. This list, while not exhaustive, represented design success from several viewpoints: the customer, the product, management, sales, and the designer. Table 13 shows the number of respondents that rated each criteria as their top choice. "Customer/client gives positive feedback" emerged as a key outcome measure, followed by "meets stated customer/client requirements" and "design meets performance requirements." While the top 2 choices seem nearly identical at the outset, there is a subtle implicated distinction. Stated customer requirements can be met while not compelling the customer to give positive feedback. It may also be the case that a client gives positive feedback even if the client's requirements are not met.
Respondents provided approximately 15 additional criteria for success including, and several respondents had overlap in their criteria. The most commonly given additional success criteria were, in descending order:
• Staying within budget targets and constraints
• Positive public response to the product and company, including good product reviews and product "buzz" • High product reliability • End user satisfaction with the product • Project is a learning experience for the design team • Project generates follow-on work from client/customer • The ability of project to generate intellectual property Some of the other success factors less commonly given include the impact of the project on the client's professional success within his or her own organization, the profit realized per unit of design time (return on design time), designs that are so innovative that they are disruptive and create new categories of products, staying power of a design, design integrity (appropriate use of materials and respect for the environment), and product safety.
One respondent commented on the difficulty of defining design metrics that non-designers in his or her organization could relate to, such as sales or revenue measures. Not surprisingly, CAD tools were rated highly as useful tools for design (Table 14) . The second highest rated tool were communication and internet tools, which are not designspecific, but clearly necessary for design. Third highest rated was sketching by hand, which, combined with the relevance of CAD tools, points up the importance of visually-focused design tools.
Design tools
Several respondents provided additional tools in their surveys, but there was little consensus among these save for several references to system architecting tools such as requirements and functional analysis. There were two additional comments about the design process worth mentioning in this paper. The first states that systematic design methods give reliable, if not necessarily innovative results. The second is that the organizational, personnel, and managerial issues associated with design tend to overshadow any of the actual design itself. These two comments are telling because they give a sense of how the efforts of designers (and their methods and tools) are understood in a larger organizational context.
CONCLUSIONS AND FUTURE WORK
The goal of this survey was primarily to gather descriptive statistics on what methods and tools designers are familiar with and use in their work. If one were to look at the average responses to the survey question, the average project would be to develop a physical product using a small design team. The project would be a novel design and would last 2-3 years.
Of the design methods surveyed, needfinding, benchmarking, storyboarding, and brainstorming had the highest awareness, while other approaches were less familiar to respondents. In general, however, no method had more than a few percent of respondents say that that they had "used it, but found not useful." It is notable that these respondents familiarity with design methods can be divided into two groups: those with similar levels of familiarity with very early stage methods such as needfinding, brainstorming, storyboarding and benchmarking, and those with similar levels of familiarity with the remaining ten methods, suggesting key divisions in the types of respondents observed.
Researchers often think of how to make methodologies more useful to designers, but this finding suggests that when these designers do learn about a particular method, they generally find it useful rather than not useful, and that issues of training and education are key to making design methodologies gain acceptance, rather than improving them.
As expected, CAD, communication tools, and sketching by hand were all rated highly as useful design tools.
This survey has several limitations in that it does not explain why the designer/engineer finds a method or tool useful or not. It also examined a relatively small sample of engineers and designers concentrated in product design and aerospace. Engineering design, of course, encompasses many other important fields that were not well represented in this survey, such as automotive and medical. More detailed results could be obtained by looking at larger samples of people across these and other additional fields.
Future work involves a larger scale study following the lines suggested by this preliminary survey. This would include observation of a larger population of designers and engineers which would allow for even richer and more comprehensive analysis of responses.
